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Springfield, Mass. ARRL Affiliated, 3lst Year March, 1981 


NOMINATING COMMITTEE 


Have you ever felt that the club is run by a clique and that you 
are excluded from things unless you were part of that select group? 
Well, there is a clique in the club and you should be part of it!!! 


The nominating committee is starting the perennial chore of seeking 
out those people who are willing to help run the club.They are asking 
club members who are willing to serve the club to come forward and say 
so! Each year the committee is charged with the responsibility of 
finding members who are willing to give a little time each month to 
help run the club as president,vice president,treasurer,secretary 
as well as directors and Zero Beat staff. The nominating committee 
would also be happy to hear that you were willing to serve as a member 
of the coffee bar, a band captain.for field day,an instructor for 
either novice or general classes or program chairman for a meeting. 
YOU CAN BB PSUR 7. OP The: CLT Oe 


PLEASE CALL PAUL WA1ZKT, at (413) 568-8291 if you are ready and 
willing to be part of the crowd 


REMEMBER: There iS a part you can play, its up to you !?! 


PRESIDENT ’S CORNER 


Who are these peoPle?r Do they Know [ exist? Will ther 
talk to me?P Do they Know 1f I’m a visitor or &@ new ciub 
member? 

Do these questions bring back memories of a Fell months, 
years or decades ago when rou were new to the club and amateur 
radio? Well I’m sure in most cases these memories were 
reality at some Point in time. For this reason the board oF 
directors has decided to re-imePplement an old but very 
Worthwhile Procedure. 

At the next club meetings on March G6 We will institute a 
very GU1GK roll call prior to the address from the featured 
speaker. This will sive the new and/or Prospective memopers an 
introduction to the members at the meeting. 

{In addition, 2F vou are a new member or visitor and would 
like to meet the members and find Gut more about vour club, 
Please contact me (WBIETS) or one of the other board members 
Working behind the counter in the Kitchen. We will be glad to 
halp yote out in any way We can. 

So members "reach out and touch someone"; make a new 
member Feel welcome at the meetina, 


73, 


Ron WBIETS 
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FIELD DAY QUESTIONS 


In response to questions, this article is appearing sooner than 
you'd normally see it. Hampden County Radio Association organizes 
field day in its' ovn way. In previous years, three people did 
everything to put us on the air. It was unfair to expect so 
much from so few and they quit. Now the club organizes field 
day like this: Two people are appointed chairmen by the Board 
of Directors. This year it's K1BE and WA1ZKT. The board will 
decide soon which field day site we'll be at. The chairmen 
organize the club efforts. Band captains volunteer to take 
80, 40, 20, 15, or 10 meters, and are responsible for putting 
a Station on the air on that band. You can be a band captain for 
say 40 meters, both cw and SSB, or just on one mode. First come, 
first served, see KIBE. 

The chairmen have to put up the signs directing people to the 
site, bring the logs, checksheets, and first aid kits, It's 
intended that the band captains have great leeway in what they do. 
But if a dispute arises, the chairmen have the final say. For 
example, suppose the cw and SSB stations on 40 were interfering 
with each other, rather than have the band captains squabble, the 
chairmen would have to decide what to do. 

You can volunteer to help on specific bands by seeing the band captains. 
(will be listed in a future Zero Beat) Last year we had people who didn't 
know they could operate other bands because''I'd signed up with so-and-so". 

Let the chairmen know that ven interested and we'll try to find you more 
operating time. 

What kind of help do the band captains need? You could raise antennas, keep 
either the regular or "dupe sheet" logs, operate, make coffee, help take it all 
apart at the end, etc, etc. If you're new to ham radio, it's a great chance to 
see many different rigs and see how they operate. Plans now include a novice 
station, so you will be able to operate on the novice bands. Will there be 
novices there to man it? Let WA1ZKT know! Emphasis this year will be on cw 
operation, so we hope all our cw people will stop by to operate. 

Field Day '81 for Hampden County Radio Association is intended to be a fun 
weekend with ham radio. The faniiy can stop by and enjoy themselves, Maybe we 
can have a hot dog and marshmellow roast Saturday night? The club tries to make 
room for everybody. If a band captain chooses to go "whole hog", that's FB. 

Or if he wants to set up a two watt rig into .a CB whip, that's ok. The idea 
is to get our equipment out into the boonies and operate! Any other questions, 
let us know. 


TIDBITS 
WB1IHIH in October CD party for WM...WA1YOG now KBI1Y, that means there's a KBIE 
out there too!...The FCC will have other major rewrites, like power levels defined 


by PEP... Art, WIKK, received a certificate for participation in WMEN from 

W1UPH.. “KIMAL must sure make the grandchildren wonder when he and the grandma 

pull up on his motorcycle...W1KZS is moving... W1UPH now has OES standing.. 

K1COW operating as VP2V on vacation...How about a few more articles from other 

club members? At least send in a postcard to "TIDBITS" so we know what you've 
been doing! Who has QST going back far enough to look up the rest of these scores? 


SOME PAST HCRA SCORES IN THE JANUARY VHF SWEEPSTAKES: 


Year Score Place Number of Operators 
1975 35,394 7th 11 
1976 42,771 8th - 10 

ee es 1980 142,566 3rd 25 
1977 32,570 8th 2 1981 22722 «-92~«22? 
1978 13,358 15th 1S, a 


1979 93,570 Sth 28 


" 
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VHF SWEEPSTAKES! 


Ah, another come and gone! The boredom of working everyone on 
the band and suddenly, an opening to the West. Sleepily calling 
"CQ" ' til rare DX appears; Rhode Island! Wondering if people 
DO live in Vermont? The pileups on .52 when a "virgin" 
appears late in the contest...Such was the VHF Sweepstakes ‘81! 

Good to find out the Provin Mtn Club had organized an effort. 
That helped to get everyone's score up. Surprising number of HCRA 
old timers on this year. Our score won't be official until June 

QST but looks good. Many thanks to all that helped in big and small 
ways. 

. Ideas for VHF SS 1982 are already being discussed. The best 
one might be to send out DX-peditions to help cover other states. 
W1lOQWJ already gives us New Hampshire, and maybe NIAAX could be 
talked into going to Vermont again. Perhaps we could find another 
member to go to Rhode Island. Their scores could still count 
for the club as long as they stay within 175 miles. Multi-op 
efforts always do well because they're on for most of the contest. 
Maybe we should organize some of the multi-op efforts to get up 
on some of the high spots locally, similar to what WINY did. 

The old W1QWJ operation from Wilbraham mountain always turned in 
high scores. They also used to use Barney Estate in Forest Park. 
What do you think, is it worth considering? 

Special thanks to WB1GLZ, et al who put our club station, 
WINY on the air for the contest. This was organized at the last 
minute, and they did a great job. 

One last note: What are the old timers talking about when 
they say "Benton Harbor lunch boxes"? 


COMMENT by K1BE 


Hampden County Radio Association is a successful radio 
club because it is run for the benefit of the members. Every 
functioning organization needs initiators who'll qet the ball 
rolling. But it's important to know that initiators get "burnt up" 
in any chemical reaction. Your club's functions require many diff- 
erent neovle helping in big and mostly small ways. The OSL bureau, 
Board of Directors, meeting programs, contests, serving coffee and 
donuts, Field Day, etc etc, all require help to get accomplished. 
The membership list has not been purged for about six months. Dead- 
wood has to be burnt because the club overates on too thin of 
a budget. Volunteer help can't be expected to personnally pav all 
expenses. The membership dues will cover the basic expenses but all 
the little extras that make a club interesting are paid for by 
raffles, the auction, (a bomb this year!) the May flea market, 
and the coffee-donut fund. The club needs the continuous support 
of all its' members. It's very difficult to carry even 103 
somnolent membership. 

Field Day '81 is organized like all club projects: a lot of 
people each doing a little. But if we qo back to Camp Barber, 
a great site, the treasury probably can't pay the rent. We'll 
have to take up a collection. (Some clubs pay for coffee, donuts, 
and food on Field Day! Golly, to be so rich!) Zero Beat, unlike 
most club newsletters, does not harp on money every issue. Quality 
takes time, effort and money! Let's keep the good work going forward 
by each of us doing a little bit for the commonweal. 
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Ron Beauchemin WBIETS 592 9852 
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SECKETARY 
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Jack Dumont K1Z.B 
Paul Kress WALZKT 
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Editor Ray Morin KAICRG 
Tech Editor Gent Lam WALCQF 
Typing Jack Lo Monaco WALYYK 
Circulation Duke Dugas KA1LDTH 
Contributor Jeff Duquette K1BE 


CORRESPONDENCE 


97 Brookhaven Drive 
East Longmeadow, Ma. 01028 


' The Hampden County Radio Association, Inc is a non-profit 
corporation of radio amateurs interested in the investigation 
of the technical aspects of the communication arts. The club 
is the base for the first district OSL bureau. We are affiliated 
with the American Radio Relay League and endorse their programs. 
The HCRA is a general interest radio club and does not operate 
any amateur repeaters. The club participates in VHF Sweepstakes 
in January and Field Day in June. Meetings are held the first 
Friday of every month, (except July and August) and annual 
auctions, flea markets, banquets, and general interest programs 
make up the schedule. The association participates in many 
different programs and almost every operating event listed in 
"OST" has at least one member's call. The club station is 
"wWINY" and is in memory of Hank Baier. "Zero Beat", our club 
newsletter, is sent out ten times a year to all members. 
If you'd like to join us and be an active member, we welcome 
you. Dues are $7.00 for twelve months and should be sent to 
Greg Stoddard, NI1AEH, 15 Cnestnut Circle, West Suffieid, Ct 06093. 
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4. Experimental data. Characiensiic mpedance 2, «s plotted tor 
closely wound coils of the size of wire used im power apphcalons. 
Twisting the wires together decreases Z, sightly, reducing the 
spacing between adjacent paws lowers Zo as much as 40%. 


further, it is possible to show that single-core transmis- 
sion-line transformers can be constructed with integer 
impedance ratios of other than 4:1 and even with non- 
integer impedance ratios—in other words, with frac- 
tional impedance ratios. 

Figure 3 presents the model for the extended analysis, 
which empioys the same sort of loop equations as before. 
In this case, three windings are used, instead of two, and 
the associated voltages V,, V2, and Y; are summed across 
the Joad. Conventional transmission-line equations deter- 
mince V, with respect to V,, as well as V) with respect to 
V,, Output voltage Vo is determined from two transmis- 
sion lincs of equal lengths, not from one transmission line 
of twice the length. The voltages simply add when 
transmission lines are short—Vo is three times larger 
than the input voltage V,, and J, is twice as large as | 
complying with the principle of the conservation of 
energy. Also, the flux from the bottom winding tends to 
cancel the flux from the other two, minimizing core 
losses. The result is an impedance transformation ratio 
of oh. 


Obtaining fractional ratios 


Impedance ratios cf other than 9 or 4 to | become 
possible if the top winding is tapped. Since all windings 
are lightly coupled electrically, a common voltage 
gradient of V, exists from left to right along the wind- 
ings, and the voltage at the tap, terminal 7, becomes 
Vo = V, + V; + Va. Now V, = V;, and Ve = (I/L)V,, 
where L is the Jength of the transmission line and } the 
length to the tap. Consequently: 


Vo = V,(2+1/L) 


To generalize this equation, let n = the number of 
windings below the top winding which is tapped so 
that: 


Vo = V,(n+1/L) 


Rod-core transformers allow for fractional turns, so their 
1 can have any value up to L. But for torvidal-core 
transformers, which do not allow fractional turns, the 
equation becomes: 


Vo = Vi(n+n/N) 


where n, equals the number of tapped integer turns and 
where N equals the total number of integer turns. 

Simply tapping off the top winding of the two-winding 
4:1 transformer shown in Fig. 2 makes n cqual 1, so that 
ratios of less than 4:1 become possible. 

Since the output voltage depends on the length ratio or 
turns ratio, it is easy to design a matching transformer 
for a particular impedance. For example, to match a 50- 
ohm coaxial cable to a 35-ohm scif-resonant vertical 
antenna, the impedance ratio must be 50/35 or 1.43. 
Since the voltage ratio is proportional to the square root 
of the impedance ratio, Vo/V, = (1.43)" = 1.2. Then 
the value of 1/L can be found from the general equation 
for a difilar-wound rod-core transformer: 


Vo/V, = n+ (I/L) 
1.2 = 1 + (I/L) 
1/L = 0.2 


Thus, the two-winding network with a rod core will 
require a tap at 0.2 of its length from terminal 3 of Fig. 
2. For 2 toroidal-core transformer, tapping 2 out of 5 
turns, or 4 out of 10, would give a similar result. 
Besides the two basic equations (1) and (2), three 
parameters are needed to design broadband transform- 
ers. They are: characteristic impedance Zo, which 
depends on the number of turns and the shape and 
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& Comparing response curves. Ai yansiormers provive a 4.1 wrpedance fate to maich 59 ohms to 12.5 ohms. The ngntiy wound 
wansmssion-ne windings Use 14-gauge enameled wwe On Cores Ihal employ ditlerent matenals and geomeines (solenoidal or torordal). 


&. Varying the impedance ratio, Two-winding siep-up transmiss:ion- 
bne transtormers provioe a 155 1 rato (left) and a 2:1 rato (right), 
while 8 three-winding translormer (middie) can provde either a 9: t o+ 
4:T rato. Al thres devices were wound wih 14-gauge enameled wre 
on Vrinch-cameter, 4-unch-long fernie rods. The frequency response 
‘of each of the transiormers is piotied in Fig. 7. 


spacing of the windings; the shunting inductance that 
affects low-frequency rolloff and itself depends on the 
size and type of core material; and the effective phase 
constant of the coiled transmission line, which deter- 
mines the transformer's high-frequency response and 
depends on the dielectric of the wire insulation and 
coupling between windings. 

As already noted, the optimum value for the charac- 
teristic impedance of the transmission line of a 4:1 
matching transformer is the geometric mean of the input 
and output resistance, Zp = (R,R.)”. Initial results for 
fractional-ratio designs indicate that for them, too, the 
optimum values of Zo are the geometric means of their 
input and output resistances. It has been found that 
generally, with characteristic impedances of twice or 
half the optimum value, the transducer toss is less than 
0.2 da with short transmission lines of 0.09 A or less.? 
The author found experimentally that little degradation 
is observed at the high-{requency cutoll with departures 
as large as 10% from the optimum value of Zo. The 
characteristic impedance, however, docs, vary with 
frequency because the permeability of the core material 
is frequency-sensitive. Usually the optimum value of Zo 
should be determined at the highest frequency of opera- 
tion. 

To lower the characteristic impedance, should that be 
necessary, transmission lincs can be twisted together. 
Twisting them Jowers Zo by increasing their distributed 
capacitance. A more significant change, however, can be 
made by just tightly coiting the transmission lines and so 
Minimizing spacing between windings. 


How to adjust Z, 


Figure 4 shows experimenta! data for various tightly 
wound, bifilar coils of typical wire sizes used in power 
step-down applications. Fur instance, Zy can be lowered 
about 40% by reducing the spacing belween adjacent 
pairs of wircs from three wire-diameters to that of the 
insulation of the wires. 


7. Plotting response. The cnaractensic mpedance 1s optimum for 
the 4.1 translormer but for the 9:1 Iranstormer only when matching 
90 to 10 ohms. no! 50 to 5.5 obs. For the latter case thrs less-tnan- 
optimum impedance causes a more rapid fallott at high frequencies, 
bul, since an inductive reaciance of only 5.5 ohms, not 10 ohms. has 
lo be exceeded. the tow-frequency end is mproved. 


For step-up transformers to maintain high-frequency 
performance, however, larger winding separations are 
necessary. This can be done by separating the turns with 
extra insulation, such as Teflon tubing, to increase the 
characteristic impedance. For example, tightly wound 
turns, separated by Teflon sleeving, approach a Zo of 
70 ohms and are useful in step-up transformers that 
must match 50 ohms or more. 


The core’s role 


Shunting inductance varies with the geometry and 
permeability of the transformer’s core material. To 
define the core role more closely, three 4:1 matching 
transformers were tested (Fig. S$). Two used toroidal 
cores, and one used a solenoid. One toroid was of Qt 
ferrite material with an outer diameter of 2.4 in. and a 
thickness of ‘4 in, The other toroid was powdered iron 
{Carbonyl E, x = 10 nominally) with an outer diameter 
of 2 in. and a thickness of a little less than ‘4 in. The 
sotenoid was a rod of ferrite material, 4 in. in diameter 
and 4 in. long. (Various lengths of rod were tried, but 


RAFLE 


TICKETS 
FOR THE 
ICOM 
IC2AT 

ARE 

NOW 
AVAILABLE 
FROM 

THE BOARD 
OF DIRECTORS 
SEE THE 


LIST OF 


PHONE 
NUMBERS 


IN 


Broadband matching transformers 
can handie many kilowaits 


The discovery that transformers with transmission-line windings have 
98% efficiencies opens up new uses for them in high-power applications 


by Jerry Sevick, Bet Lavovstonee, Murtey Hil, Nd 


O The big news about broadband matching transmis- 
sion-line transformers is their ability to deal with many 
kilowatts of power. On investigation, their efliciency 
turns out to be much higher than anyone had 
suspected —an astonishing 98% over most of a frequency 
tange spanning several hundred kilohertz to 100 mega- 
hertz. Also news is the fact that they can be built with 
fractional impedance transformation ratios. 

The small tugged devices, made of a short length of 
transmission line coiled around a single magnetic core, 


TRANSMISSION LINE 7 
TRANSFORMER WITH CORE ~—~o, & 
Z 


TRANSMISSION-LINE 
TRANSFORMER WITHOUT CORE 


are in wide use because of their inherently large band- 
width. Now their applications should be extended in 
particular to matching high-power amplifiers to an 
antenna, as well as matching small-signal amplifiers. 
Experience long ago showed that other broadband 
matching devices— whether networks cf capacitors and 
inductors or conventional transformers—had smalier 
bandwidths and lower efficiencies. High ohmic loss 
characterizes inductors of the size needed at low 
frequencies. High core loss in conventional transformers 


4. No magnetic coupling. The curves piotied tor three types of transtormers show that the transmission-line type wilh & toroidal core has 
00d ethcrency even at the very-low-trequency end, proving that there is Considerable energy Wansierred by ihe transmession-bne mode: Al 
higher trequoncies the core prondes increased etecrency and bandwidth by preventing unwanted shunting currents. 


Grastically reduces Uneir eclliciency and with at their 
power-handling capabibly. 

But only recently have careful experiments been donc 
to determine just why a broadband transmission-tinc 
transformer is so superior. The new data explodes several 
assumptions about its mode of operation and about the 
function of the core. 

fn particular, the device was always thought to behave 
Quite dilfcrently at the low and high ends of its 
frequency range. bt was supposed to act like a conven- 
tional, three-terminal autotransformer at lower {requen- 
cies, coupling energy magnetically through the core, but 
like a transmission line at high frequencies, with the core 
having little effect. 


What really happens... 


Accurate incasurements suggest another explanation. 
The transmission-line mode seems to be in effect 
throughout the frequency range, except al the very 
lowest end. The corc's role is to prevent shunting 
currents at all frequencies and never to couple energy, 
except at the very lowest end of the range. 

The equal and opposite currents that flow in the 
transmission-line windings essentially cancel core flux 
and so minimize core loss. The shortness of the transmis- 
sion line (in relation to the wavelength of the highest 
operating frequency) minimizes ohmic losses, keeping 
output voltage nearly equal to input voltage over a wide 
frequency range so that a constant transformation ratio 
is maintained. Coiling the line around a magnetic core 
provides the inductance needed to prevent unwanted 
currents from flowing, except at very low frequencies. 

Three transformers with 4:1 impedance ratios were 
constructed, and their performance was measured under 
similar conditions (Fig. 1). One was a conventional 
autotransformer of 10 turns on a toroidal core. The other 
two were transmussion-line transformers of 10 turns with 
and without the core. The toroidal cores had an outer 
diameter of 1.25 inches, an inner diameter of 0.75 in., 
and a thickness of 0.375 in.. and they both used high- 
bulk-resistivity ferrite material (Indiana General Q1). 

As the plot of transducer loss versus frequency shows, 
the transmission-line transformer with a core acts just 
like a conventional autotransformer at very low frequen- 
cies. At about 400 kitz transmisswon-line operation starls 
contributing to its efficiency, and through 40 Miz it 
suffers much icss than the autotransformer from trans- 
ducer loss, suggesting reduced core loss. But without a 
magnetic core to choke olf shunting currents, not only 1s 
its efficiency much less, but its frequency response also 
falls off rapidiy below 1.5 miiz. 


«ee and why 


Figure 2 presents a model for the most widely used 4:1 
unbalanced-to-unbslanced broadband transmission-line 
transformer. As can be seen from this model, if the line 
is half a wavelength tong, V; equals ~ V;, and the outpul 
power is zero. But for much shovter transmission lincs, 
V) is very nearly equal to V; because no standing waves 
exist. Then—provided that nothing much more than 
transmission-line current is flowing through the bottom 
winding —the output voltage is twice the input voitage, 


the output current is half the input current, and a 4:1 
impedance transformation exists. 

The relationship holds up qutte well if the transmis- 
sion line is shorter than 0.2 of the effective wavelength. 
At this length the mismatch corresponds to a voltage 
Standing-wave ratio of 2:1 where the transducer loss 
increases by 0.4 decibel. Any longer, and the vswr of the 
particular length will increase or decrease V., and the 
transformer will become less useful. 


Two basic equations 


The efficiency of such a transformer depends on 
different factors at high and low frequencies. The 
voltage standing-wave ratio is critical at the high end, 
and the reactance of the bottom winding to any shunting 
current present, though important throughout the range, 
becomes especially critical at Gic iow end. 

An equation for high-frequency transducer loss can be 
derived from the modei in Fig. 2 if loop equations are 
applicd to it, as Ruthroff has shown.' When |, is 
assumed equal to 1,, the result is: 


available power (1+3 cos ph? + 4 sin? fl 


Oulpul power 4 +ccs ply a) 
where 8 = 29/\sswm and | is the length of the transmis- 
sion line. Ps 


The equation is the reduction of a more general ene, 
from which it is obtained by insertion of the optimum 
value for the characterisuc rmpcedance, Z~. This value ts 
the same as that of the quarter-waveiengih matching 
transmission linc, namely the geometric mean of the 
source and load resistance, (K,Ry).” 

Note that no reference to a core of magnetic material 
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2 Transmiesion-ine tranalormer. Both torodal and roctype 
tanslormers prowce broacband operation. Snown is the popular 41 
unbalanced-to-unpaianced transformer thal uses Iwo wires of equal 
chameter closely wound around a magnetic core material. 


3. Other ratios. A 4:1 mpedance ratio resuats when the transis: 
Bion-bne tanstormer's output connected belween ground and 
termiAal 4, 9:1 when it is connected be!ween u-ound and terminal 6. 
Tapping off the top winoing (ternal 7) yreids non-integer falios. 


is contained in this analysis. In the transmission-line 
mode, the magnetic fields cancel at high frequencies, so 
that almost no flux threads the core. 

However, the core’s effect needs stating at low 
frequencies. At this end of the range, the transformer's 
response is determined mainly by the reactance of the 
bottom winding to the flow of a shunting current. If the 
reactance is made large enough, only transmission-tine 
current will flow, and the impedance transformation 
ratio will be maintained. 

One way to increase reactance would be to increase 
the number of turns of the transmission linc, but that 
would lengthen it and so degrade its high-frequency 
performance. The preferred way ts to use high-perme- 
ability core material, particularly in the case of a 
toroidal configuration. 

The modcl for the low-frequency region can then be 
fepresentcd by an inductance in parallel with an idcal 
transformer. In mathematical terms: 


available power R,? + 4X? 
output power ™ ax? (2) 


where X is the reactance of the bottom winding with the 
secondary open-circuited. 


A different mechanism 


Although this equation is identical to that for the low- 
frequency response of the conventional transformer, the 
modes of opcration are different. The transmission-line 
transformer, for as long as it is transferring considerable 
quantities of power at low frequencies, is still acting like 
a transmission line and not like 3 conventional trans- 
former, which transfers power entirely by the common 
flux linkage. But it may slart acting as an autotrans- 
former at still tower frequencics if it experiences appre- 
ciable core Mux and the choking action is inadequate to 
Prevent the generation of excessive currents in the 
bottom winding. 

The analysis of the transmission-line transformer's 
operation nced not stop here. If tt is carried a step 
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&. Antenna matching. Two transmission-hne lernte-tod translormers, 
match the changing impedance of a 29-N venical antenna operating 
at 1.6, 4, and 7 Mrz. Tne antenna 1s resonaied by powdered-won 
toroids at low frequencies. by a variable ay Capacitor at high ones. 


with very similar results —the longest just had a slightly 
better low-frequency response.) 

All transformers were tightly wound with 15 inches of 
14-gauge wire to approximate an optimum Zo of 
25 ohms and assure similar high-frequency performance. 
inductance measurements at 1 MHz on the low- 
impedance side of the network, with the output open- 
ciscuited, yielded: 


Ferrite toroid, Loc 11.08 nH 
Powdered-iron toroid, Lec = 1.67 pit 
Ferrite rod, 7.5 in. long, Loc * 6.07 pH 
Ferrite rod, 4 in. long, Loc = 4.67 wht 
Ferrite rod, 2.5 in. long, Loc = 3.69 ptt 
Ferrite rod, rod removed, Loc = 0.413 pit 


The low-frequency performance of a toroid is clearly 
superior to a rod’s owing to the former's enclosed 
reluctance path and hence higher inductance. Because of 
the much higher value of reluctance in the airpath 
around the rod, littic is gaincd at the low-frequency end 
by increasing its permeability. But with a toroid, induc- 
tance is proportional to the material's permeability, so 
that the higher the permeability, the better the low- 
frequency performance. Note the poor performance of 
the powdercd-iron toroid with its lower permeability. 

Finally, to ensure that these transformers were free of 
neniincar os ampliude effects, they were subjected to 
various power levels. Invariably no additional power loss 
was discernible at levcls up to 1 kw. 


- The design potential 


The transformers with ferrite cores covered a rather 
wide frequency range with losses of only about 0.05 da. 
Since this loss is a combination of mismatch and trans- 
former losscs, efficiencics were greater than 98% over 
that range. Few networks can compelc with such high 
efficiencies, which allow these transmission-line trans- 
formers to be cascaded to obtain higher impedance 
transformation ratios. ne 


The major diliculty, however, is in petling the prox 
valuc of characteristic impedance for large stcp-cown of 
Bicp-up impedance ratios. For siep-cown a low value us 
acedcd, whercas step-up requires a higher value. 

Gencrally, for very low values of characzerisiuc 
impedance, stripline techniques are used. However, for 
higher valucs of Zo. the transmisston ines must o¢ 
scparatcd. This is cusily donc. The usc of Teflon or otzer 
insulating materials between windings provides known 
and controllabie spacing. 

These transmission-line transformers provide ts piczily 
wideband performance even when tapped to provics a 
variety of impedance transformation ratios. Th:s 1s tot 
achievable with conventional transformers that use iux 
linkage as the energy-coupling method. 

Figure 6 shows two transformers with other than 4.4 
ratios, along with a transformer of three windir cs co a 
rod connected in a 4:1 and 9:1 fashion. The trar-:or-er 
on the Icft is tapped for a 1.55:§ impedance transiorma- 
tion, while the one on the right ts a 2:4) step-up 

All were designed for operation with Suohm coaual 
cable, and their loss versus frequency is plotted 12. Fig. 7. 
Even using rod-type cores, these transiormers evnit.:ed 
rather wide frequency response. Of course, the ba-d- 
width could be further increased if a torcidal core were 
used. But unless the extra bandwidth is necessary. 1 Cs 
not pay to use the more expensive toroid. 

One diilerence is worth noting. The 1.55:1 2nd 2:1 
transformers performed similarly whether matcnaing 30 
to 5.5 ohms or 90 to 10 ohms. But in wae 9:1 trans fore 
matching between $0 and $.> uhms produced be::er 
frequency performance. The reason is that the 1.du 
reactance of the transformer, although the same :7 ¢::~¢r 
case, needs only to be ercater than 5.5 ohms of inductive 
Teactance instcad of 10 ohms. However, when match ag 
to the higher impedance, the upper frequency cuoff as 
preater since the characteristic impedance of the trass- 
former was equal to the optimum vaiue. 


Cool operation 


All transformers were tested at !-kilowatt operaton. 
As was also the case with the 4:1 transformer, trey 
suffered no discernible power loss or heating. Co-sx- 
quently, these fractional-ratio transformers can de 
cascaded to provide all sorts of impsdance ratios. Uae 
instance is the network shown in Fig. 8 wh:ch aan 
handle 1 kw of power and uses two transmiss:on-.:ne 
transformers wound on ferrite rods to match a S0+7m 
cable to a 29-foot vertical antenna having a 13-ft top cat 
at 1.8, 4 and 7 acuz. 

The ferrite toroid was not fully looked into cad cow 
bears further investigation. The only comparisca mde 
was with a sing!c valuc of permcadilty, that of QL 
material, which was the first nickel-zing ferrite Vsec ior 
zmpliude-modulated radio antennas, i-f and +7 tr_ns- 
formers. Toroids with greater permeabiiity lok sry 
promising for transmission-line transformers r=quinng 
even larger bandwidths at rather high powcr levels. 


Reterences 

1 C1. Featwod, “Sore Groscbend Trenstormers~ Proc FE, vol <7, Auge il op 
VAIW- 1342 

2 0 Pizem end T.P Couse. “Prockcat Dengn itermamon tor Broadbend Frererenon 
Une Traraiormers.” Proc ELE. Aprt 1968. pp. 730-738. 
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H.C.R.A. Would like to 
welcome its newest 
members: 
WA1LGZO 


KALCQK 
KA1??°? 


Ted Lockwood 
Carl Sittard 
Barbara Kress 


Ye would also like to 
congratulate the areas 
newest HANS. All XYL 
who successfully com- 
plete their novice 
exams. 


A special congratulation 
to KAIGPC 11 year old 
Claudine Bouchard 


FLEA MARKET COMING 
MAY 1st,1981 
GOOD TI“E TO 
SOME OF CHAT 


LQOULPM=ENT IN 
OR CELLAR, 


SEIT 
SURPLUS 
THE ATTIC 


Hassechusettss 
annul fle. morket on 


ee 


The EHauonien County Radio 


ria 


Ass'n. 
- Fars! 


Va 


WA11 hold 


i, 19d a Feeding Wills 


Conrrepatiohel Church, inverseetion of routes 57 ard 187 
” ane ‘ 


Peeding Hills, wags. Aascteur 


wee ~ 
DS €01G65. LOOTS OHM at Fidd 


sellers txbles will’ be 53.99 ec 
Andre Souchard WBIBZW 413-756-97 


and cleetronico e-uinonent will 
Bie Admission will ba free and 


£or more informotion call 
folk-in on 140.52 cine, 


ee 


FOR SALE or trade for ham gear: 
preamplifier, $100.00 ; 
BSR stereo qraphic 


ZERO BEAT 


Integral systems model 10, 
TEAC dolby unit for tuner or tape deck, $50.00; 
ecualizer (5 bands per channel) 
OD-4 quad matrix adapter (stereo to quad) $10.00: 
203-888-7935 or 207 South Main St, Se 


stereo 
$50.00; DYNACO 


call Bruce Felper, 
Seymour Ct 06483 
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MEETING NOTICE 


VEXT MEETING WILL BE FRIDAY MARCH 6,1981 
AT THE FEEDING HILLS CONGREGATIONAL CHURCH 
CGRNER OF ROUTES 578 187 

FEEDING HILLS, MASS. 

TIME IS 8 PM 

TOPIC: PRACTICAL USE OF TEST EQUIPMENT 
SPEAR : N1CQ Bill Shaheen 


APRIT MEETING 


TOPIC: FEED LINES AND TUNERS 
3 PRINTING & SALES CO. 
ART WLKK AND BILL W1%% WILL TALK ABOUT TEL. (413) 736-8184 
FEED LINES AND TUNERS WITH EMPHASIS ON 

HOME BREW TWIN LEAD 


FRANK H. KOZAK 
LORRAINE KOZAK 


Daioh ch, A Wink’ 


454 MAIN STREET FREE PARKING 
WEST SPRINGFIELD, MA. 01089 AT OUR DOOR 


HOPE TO SEE YOU THERE 


HAMPDEN COUNTY RADIO ASSOCIATION, INC. 
RAY MORIN, KAILCRG , EDITOR 

97 BROOKHAVEN DRIVE 

EAST LONGMEADOW, MASS. 01028 


: paar Laks 


—— 


MARCH ZERO BEAT 81 


KEEP IN TOUCH WITH ZERO BEAT 


ACIT 11/81 


aaa 
SE ae, 


